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The landscape of Illinois was once a biologically rich and diverse mosaic of prairie and forest home to a staggering array of 
plants and animals. More than 175 years of changes wrought by 
agricultural, industrial, and urban development has degraded and 
destroyed much of the natural habitat that supported this biodiver-
sity. Over this time Illinois lost about 40% of its original forest cover, 
over 90% of its wetlands, and more than 99% of its prairie.
In 1994 a report titled The Changing Illinois Environment: Critical 
Trends was published that provided a comprehensive examination 
of the state’s ecological condition. One of the major conclusions 
was that existing data suggested that the condition of natural 
ecosystems in Illinois was rapidly declining as a result of habitat 
fragmentation and a multitude of stressors. Stress to organisms 
comes in many forms and includes competition with invasive 
species, loss of suitable habitat, pollution, and disease. On top of 
the challenge to protect and manage ecosystems in a landscape of 
competing interests comes the reality of global climate change.
This document discusses how a changing climate might affect 
natural ecosystems in Illinois, how changes might impact the ability 
of people to protect and manage ecosystems, how land managers 
might respond to a changing climate, and how biological data 
collected by the Critical Trends Assessment Program (CTAP) will 
help guide decisions to conserve and manage Illinois’ biodiversity.
Illinois Biodiversity 
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Conservation and management of biodiversity—the variety of life in a particular place—is critical in a state where natural habitat 
is limited and our ability to protect ecosystems is uncertain. Natural 
resource agencies and conservation organizations know there is 
some urgency to meet the challenge of protecting and managing 
our existing patchwork of natural ecosystems and protected lands.
Protection of biodiversity can be seen as both ethical and utilitarian. 
The ethical argument says that the current generation needs to 
leave to future generations a planet as rich in natural wonders—or 
more so—as the one inherited. Utilitarian arguments say that natural 
ecosystems provide both the opportunity for yet undiscovered 
human applications and services required for human survival. 
Additionally, the financial contribution of nature to underpinning 
the human enterprise is increasingly recognized. Our society and its 
infrastructure were designed for the climate we have had, not the 
rapidly changing climate we can expect in the future.
Maintenance of biodiversity is the best offense to conserve ecosys-
tems in the face of a changing climate. Increasingly, scientists find 
that intact ecosystems, ecosystem function, and the ecosystem 
services they provide sustain and fulfill human life. They recognize 
that biodiversity at all scales is key to the health of the natural 
world. Biologically rich and diverse ecosystems produce more 
biomass and process more resources (e.g., nutrient cycling) than do 
systems with few or single species. Biodiversity enhances resilience 
or a system’s capacity to recover from stressors such as drought or 
other major disturbance (e.g., fire, tornado, flood).
We then come to this question—with the loss of species (i.e., loss 
of biodiversity), at what point do critical ecological functions 
and hence ecosystem services begin to fail? Ecosystems are very 
complex, and even with advances in research and understanding, 
this question is difficult to answer. What we do know is that humans 
depend on natural and healthy ecosystems that are biologically 
diverse. Maintaining ecosystem health and hence services will 
depend on the protection of biodiversity.
Why Care?
ECOSYSTEMS AND HABITATS 
 
Organisms, their physical and 
chemical environments, and the 
processes that bind them together 
make up an ecosystem. Habitats 
are the specific places, or physical 
settings, in which each organism 
lives. 
 
 
ECOSYSTEM SERVICES 
 
Natural ecosystem processes are 
categorized as ecosystem services 
when they provide goods and 
services that satisfy human needs, 
directly or indirectly. As defined 
by the Millennium Ecosystem 
Assessment, there are four kinds 
of ecosystem services: 
• provisioning services such as 
food, water, timber, and fiber; 
• regulating services that 
affect climate, floods, disease, 
wastes, and water quality;
• cultural services that provide 
recreational, aesthetic, and 
spiritual benefits; and 
• supporting services such as 
soil formation, photosynthesis, 
and nutrient cycling.
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The earth’s atmosphere—a layer of mostly nitrogen and oxygen gas surrounding the planet—provides for a natural greenhouse 
effect that keeps the earth warm. Certain gases—principally water 
vapor, carbon dioxide, methane, and ozone (i.e., greenhouse 
gases)—absorb and trap solar energy reflected from the earth’s 
surface and warm the atmosphere. This ‘warmth’ is essential for life, 
but too much of a good thing can be bad.
In its 2014 Assessment Report, the United Nations International 
Panel on Climate Change (IPCC) concluded that human influence 
on the climate system is clear, and recent anthropogenic emissions 
of greenhouse gases are the highest in recorded history. The report 
also observes that warming of the climate system is unequivocal, 
and, since the 1950s, many of the observed changes are unprece-
dented over decades to millennia. The atmosphere and oceans have 
warmed, the amounts of snow and ice have diminished, and sea 
level has risen. This is supported by careful measurements for more 
than 50 years that show that atmospheric carbon dioxide is indeed 
increasing mostly as a result of the burning of coal and other 
hydrocarbon based fuels. This rapid increase in carbon dioxide 
concentrations is profoundly impacting global weather and climate.
While there are limitations to the accuracy of future climate 
projections—based mainly on the uncertainty of what future global 
emissions will be and current limitations in our knowledge about 
how the earth’s climate system will respond—long-term projection 
from global climate models represent robust information for 
predicting future climate. For instance, there is high confidence that 
the global average temperature will continue to rise. Projections for 
future precipitation, however, are more complicated. There is less 
certainty regarding projections for the directionality and range of 
annual precipitation, but there is agreement that the pattern is likely 
to shift to fewer but more extreme storm events. 
A Changing Climate
WEATHER VS. CLIMATE 
 
Weather is what you see outside 
on any particular day, and it 
reflects the short-term conditions 
of the atmosphere. Climate is 
the average of that weather over 
an extended period of time at a 
particular location.
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(A) PROJECTED MID-CENTURY 
TEMPERATURE CHANGES 
 
Projected increase in annual  
average temperatures by mid-century  
(2041–2070) as compared to the 
1971–2000 period. Projections are 
from global climate models that 
assume emissions of heat-trapping 
gases continue to rise. 
 
 
 
 
 
 
 
(B) RAINFALL INCREASES 
 
Precipitation patterns affect many 
aspects of life, from agriculture to 
urban storm drains. This map shows 
projected changes in total annual 
average precipitation for the middle 
of the current century (2041–2070) 
relative to the end of the last century 
(1971–2000) across the Midwest under 
continued emissions of greenhouse 
gases. Across the entire Midwest, the 
total amount of water from rainfall and 
snowfall is projected to increase. 
 
 
 
 
 
 
 
(C) FUTURE DRY DAYS 
 
This map shows the projected changes 
in the average maximum number of 
consecutive days each year with less 
than 0.01 inches of precipitation. An 
increase in this variable has been used 
to indicate an increase in the chance 
of drought in the future. 
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FIGURE 1A–C. Data from National 
Climate Assessment-NOAA NCDC. 
Temperature: (A) Kenneth Kunkel, 
CICS-NC. (B–C) Laura Stevens, 
CICS-NC. Visit http://nca2014.
globalchange.gov/highlights/regions/
midwest
Predictions for Illinois
Weather conditions in Illinois, 
based on over 100 years 
of observations, can vary 
widely. Our mid-continent, 
mid-latitude location allows for 
summers that are usually hot 
and humid and winters that 
are cold and snowy with wide 
extremes of both temperature 
and precipitation from week 
to week and even day to day. 
Average temperatures are 
projected to increase year-
round, and a major concern 
is that the number of days 
over 90 and 100°F in summer 
will likely increase (Figure 1). 
Summer heat waves, defined 
as days with temperatures 
over 100°F, pose a major 
public health risk. Total annual 
precipitation is not expected to 
change, but seasonal shifts are 
likely to occur. Precipitation in 
the winter and spring will likely 
increase, and summer pre-
cipitation will likely decrease. 
The frequency of heavy rain 
events—days with more than 
2 inches of rain—is projected 
to increase. With heavy rain 
events come the increased 
likelihood of more frequent 
flooding. The increasing 
likelihood of floods, droughts, 
and heat waves poses a risk to 
human health and well-being.
3.5 3.8 4.1 4.4 4.7 5.0
Temperature Difference (°F)
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Ecosystem Impacts
C limate is a primary control on species distributions and eco-system processes. Through the millennia, plants and animals 
have evolved to live in specific sets of conditions that best provide 
food, water, shelter, and a place to successfully reproduce. Climate 
changes in the distant past have generally progressed slowly (e.g., 
over thousands of years) thus allowing time for a species to react 
accordingly. Species might have moved to a more suitable locale or 
adapted new traits to allow them to remain in place.
Today, climate changes are progressing rapidly, and all plants 
and animals are likely to be impacted in some way in the coming 
decades. Changes in mean temperatures and precipitation patterns 
will affect ecosystems and wildlife, but it is hard to predict how 
the variability in weather and potentially extreme conditions might 
impact individual species. Rapid changes in conditions will likely 
result in native species facing increasing threats from pests, dis-
eases, and competition from non-native species.
Impacts on plants and animals will depend on their vulnerability to 
climate change. Vulnerability is a function of a species’ exposure to 
climate changes, sensitivity to changes, and adaptive capacity to 
respond to change. While it is not possible to predict exactly how 
each species in Illinois will respond to climate change, we are able 
to anticipate some likely responses based on our current knowledge 
and observations. Species likely to be most vulnerable include 
those with limited dispersal ability, patchy distribution, obligate or 
near-obligate species interactions, distributions near edge of range, 
narrow ecological tolerances, and requirements for cold-mediated 
ecological conditions (e.g., dormancy).
“Vulnerablity” to a Changing Climate
In a study to understand how a changing climate might affect the 
Illinois flora, scientists from the Illinois Natural History Survey exam-
ined 73 plant species using a Climate Change Vulnerability Index 
(CCVI) tool developed by NatureServe. Species selected included 
rare and common plants, native and non-native species, and 
species important to forest and grassland habitats. Vegetation data 
collected by the Critical Trends Assessment Program helped inform 
the selection of species for this study. The CCVI tool considers the 
distribution and natural history of target species, as well as how 
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PLANT VULNERABILITY  
TO CLIMATE CHANGE 
 
 
 
 
 
 
 
 
 
 
 
 
Climate change vulnerability of  
73 plants examined by Illinois 
Natural History Survey researchers 
using NatureServe’s Climate 
Change Vulnerability Index tool.
Increase
Likely
Presumed
Stable
Extremely
Vulnerable
Highly
Vulnerable
Moderately
Vulnerable
5%
17%
4%
7%
67%
much it will be exposed to conditions brought on by climate change 
in the future. It then ranks the vulnerability of a species based on 
its exposure and sensitivity to predicted changes in climate by the 
year 2050. Species are categorized as extremely vulnerable, highly 
vulnerable, moderately vulnerable, presumed stable, or increase 
likely. The tool does not assess all threats that any one species 
might face.
Over half of the 73 species examined were presumed stable, and 
one-fifth of the species examined were at least highly vulnerable. 
The species found most vulnerable were all rare species and  
species of conservation concern. A few species were categorized as 
increase likely.
Six species from the study are high-lighted in the following table. 
These are all common to occasional species found in Illinois, and 
they are species encountered by CTAP scientists. White oak, 
a long-lived, ecologically and economically important species, 
was presumed stable or not particularly vulnerable to predicted 
changes. On the other hand, a relatively habitat dependent species 
like shooting star seems to be vulnerable. Nuisance species like 
garlic mustard and ragweed might very well increase in response to 
a changing climate.
A previous and similar study assessed the climate change  
vulnerability of 162 wildlife species in greatest need of conservation 
in Illinois. These scientists found that high proportions of mollusks 
and fishes may be highly vulnerable to climate change, while 
intermediate numbers of insects or amphibians and few birds or 
mammals are predicted to be vulnerable.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
garlic mustard (Alliaria petiolata)
• Non-native invader of forests
• Frequent statewide
• CCVI: presumed stable to increase likely
ragweed (Ambrosia artemisiifolia)
• Weedy, annual, nuisance species of 
disturbed soil
• Common statewide
• CCVI: increase likely
big bluestem (Andropogon gerardii)
• Iconic prairie grass
• Occasional to frequent statewide
• CCVI: presumed stable
swamp milkweed (Asclepias incarnata)
• Open wetland wildflower
• Frequent statewide
• CCVI: moderately vulnerable to 
presumed stable
shooting star (Dodecatheon meadia)
• Open forest and grassland (prairie) 
wildflower
• Occasional, scattered statewide
• CCVI: highly to moderately vulnerable
white oak (Quercus alba)
• Long-lived forest tree, ecologically and 
economically important species
• Common statewide
• CCVI: presumed stable
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S ince 1997, Critical Trends Assessment Program (CTAP) biologists have systematically collected bird, plant, and arthropod data 
from the predominant natural habitats in Illinois—forests, wetlands, 
grasslands, and streams. CTAP is the most widespread, comprehen-
sive natural resource monitoring program in Illinois. Data have been 
collected at approximately 600 randomly selected sites across the 
state that give us a snapshot of Illinois’s biodiversity. Additionally, 
data are collected at each site every five years. Over time, scientists 
will analyze these data to detect changes or trends in species and 
habitat condition.
Forest
A forest is a complex ecosystem dominated by trees and other 
woody vegetation that exist in dynamic interaction with the sur-
rounding earth and air and consists of a layered structure of func-
tional parts—soil, plants, animals, climate. Forests provide wildlife 
habitat, clean water, recreation opportunities, carbon storage, as 
well as providing raw materials in the form of lumber, pulp, and 
firewood.
Intact forests might ameliorate extreme events such as drought or 
flood by slowing the flow of water through the landscape. Forests 
provide habitat for a multitude of species, and the more intact 
forests available, the better chance species have at weathering 
extreme climate events.
Invasive plant species, such as garlic mustard, bush honeysuckle, 
and common buckthorn, have impacted the structure and com-
position of forests in Illinois. A longer growing season as a result 
of a warming climate might benefit these invasive species at the 
expense of native species. 
Climate Impacts to Natural Habitats
MANAGEMENT 
 
Management recommendations to 
maintain healthy forests include 
maintenance of biodiversity (e.g., 
control invasive species, use best 
practices for timber harvest, 
manage with prescribed fire, 
leave dead wood and tree snags, 
decrease deer populations), create 
and connect large forest tracts, 
maintain forest along streams, and 
allow bottomland forests to flood 
naturally.
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FIGURE 2. (A) Abundance of white oak (Quercus alba) in the canopy layer at CTAP forest plots as measured by the 
mean basal area in tree layer plots charted over each sampling period. Also shown on the graph is the proportion 
of sites where mature white oak trees were detected during each period. These data show, at least for present 
time, that white oak is stable in forests across Illinois. (B) Abundance of white oak (Quercus alba) in the shrub (or 
sapling) layer at CTAP forest plots as measured by the density of stems per hectare over each sampling period. Also 
shown is the proportion of sites where white oak saplings were detected during each period. These data show a 
steady decline in sapling density and number of sites with any white oak saplings. (C) Abundance of garlic mustard 
(Alliaria petiolata) in CTAP forest plots as measured by the mean percent cover in ground layer plots charted over 
each sampling period. Also shown on the graph is the proportion of sites where garlic mustard was detected during 
each period. The cover or abundance of garlic mustard does not change much over the study period, but the number 
of sites where it’s detected significantly increases. Figures by D. N. Zaya.
Data collected over time by CTAP can be used to test predictions 
about how species and ecosystems will be affected by climate 
change. For example, looking at important forest species (white 
oak) and a forest invader (garlic mustard), we can use CTAP data 
to examine how the abundance of these species changes over time 
(Figure 2). 
CTAP forest data show that white oak in the canopy layer (i.e., 
mature trees) are detected in about half the sites sampled, and 
over the four sample periods, white oak abundance has remained 
stable. A different picture emerges in the shrub layer where white 
oak abundance and detection has declined. For garlic mustard, the 
abundance has remained relatively stable, but it is showing up in 
more sites over time. Scientists will be able to examine these data 
to try and determine why a species might be increasing or decreas-
ing and how that will impact habitat condition.
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Wetland
Wetlands are transitional between terrestrial and aquatic ecosys-
tems where the water table is usually at or near the surface or the 
land is covered by shallow water. Vegetation structure and compo-
sition varies from cattail marshes to botanically diverse wet prairies 
to swamps dominated by bald cypress trees. Even with massive loss 
of wetland acres, many of Illinois’s remaining wetlands are biologi-
cally diverse. They provide essential ecosystem services that include 
flood abatement, water purification, groundwater recharge, wildlife 
habitat, and recreation opportunities.
Scientists have found evidence that some wetland wildlife will 
need to adapt to changes in climate. For example, climate change 
is associated with earlier breeding in amphibians and earlier emer-
gence of dragonflies. If resources and behavior for these species 
do not shift in the same way as weather conditions (e.g., water not 
sufficient or available at breeding time, food not available at emer-
gence), then these species will be especially at risk.
Increased intensity of flood events might further pollute wetlands, 
threatening water quality and wetland dependent species. Also, the 
expected changes on seasonal patterns in Illinois—wetter springs, 
drier summers—may threaten the integrity of wetland habitats.
MANAGEMENT 
 
Wetlands are incredibly complex. 
Understanding the interactions 
of water, plants, animals, and the 
landscape in which they exist is 
important to proper management. 
Recommendations to protect 
and maintain healthy wetlands 
include properly identifying and 
delineating wetlands; create 
and maintain buffers of natural 
vegetation around wetlands; 
identify and manage invasive plant 
species (e.g., narrow-leaf cattail, 
reed canary grass, common reed, 
glossy buckthorn); identify and 
maintain natural hydrology; and 
where possible, prevent further 
drainage or filling wetlands.
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MANAGEMENT 
 
Management recommendations 
to maintain healthy grasslands 
include:  locate, protect, and 
manage prairie remnants (e.g., 
conservation easements, control 
invasive species, use prescribed 
fire); create more, larger, and 
connected grasslands; manage 
grassland habitat for wildlife (e.g., 
use prescribed fire, mow late, lower 
stocking rates on grazed land, 
control invasive species).
Grassland
Over half of the landscape of Illinois was once covered in native 
grassland called prairie. Prairie is an ecosystem dominated by 
deep-rooted, perennial grasses and forbs with a marked absence 
of trees and other woody vegetation. Most of Illinois’ prairie was 
converted to row-crop agriculture long ago and now exists in small, 
scattered, isolated remnants. Grasslands in Illinois now mostly exist 
as hayfields, fallow fields, and pastures. CTAP data show that these 
grasslands are dominated by non-native grasses mostly associated 
with agriculture.
Grasslands provide important ecosystem services similar to forest 
and wetlands—deep rooted plants hold moisture and store carbon; 
grasslands provide important wildlife habitat; grasslands are 
important for livestock; and grasslands afford recreational opportu-
nities. 
Prairie plants are well adapted to periodic droughts and high 
temperatures, so patches of prairie might fare well in the future. 
Non-native species that dominate much of our grassland habitat 
might not fare so well. However, isolated patches of grassland 
habitat make it difficult for species to move if conditions become 
unsuitable for that species. There is also the risk of invaders from 
the south like Johnson grass making inroads further north.
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MANAGEMENT 
 
Conservation goals for streams 
include: develop and promote 
agricultural and urban land 
practices that decrease high 
flow rates, sediment loads, 
temperature, and pollutant loads 
of drainage waters; protect, 
restore, and enhance near-stream 
and in-stream habitats; restore 
populations of imperiled and 
extirpated aquatic species; restore 
and manage high-quality examples 
of river and stream habitats; and 
prevent and control invasions of 
detrimental exotic species.
Streams
Streams of water flowing through the landscape of Illinois provide 
important habitat for a multitude of organisms. Healthy streams 
provide important ecosystems services like fishing and boating. 
Streams with intact meanders and floodplains also mitigate 
flooding. Many of our streams have been channelized, dredged, 
and generally filled in with silt and pollution that water picks up 
as it flows over the land. Vegetation like trees is removed from the 
banks and floodplains to improve drainage. Without shade from 
riparian vegetation, water warms quickly. These stressors degrade 
the stream as wildlife habitat, a source of clean water, as well as 
recreation opportunities.
Climate change is altering thermal patterns within streams with 
potentially important repercussions for cold blooded invertebrates, 
amphibians, and fishes. Many of these aquatic organisms often seek 
low temperature habitats within streams to avoid thermal stress. 
Scientists have found that as the climate changes, nighttime air 
temperatures are being raised quicker than daytime temperatures. 
This doesn’t allow for aquatic habitats to cool at night. Cool water 
refugia might disappear leaving some aquatic organisms stressed 
or dead.
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While there are many uncertainties about climate change impacts and how conservation practitioners should react, the 
cost of doing nothing at all is likely to be far greater in the long-
term. Ignoring climate change may result in the failure to ade-
quately conserve and protect biodiversity. As stated earlier, healthy 
ecosystems are biologically diverse ecosystems. Adverse effects of 
impacts from a warming climate on wildlife and their habitats may 
be minimized or even prevented in some cases through adaptive 
actions we initiate now.
Adaptation strategies accept that changes will occur and actions 
can be taken to reduce the ecological effects of those changes. 
Adaptation is an approach to adjust, prepare for, and accommodate 
new conditions that are created by a warming climate. For example, 
homeowners might decide or be mandated to purchase flood, fire, 
or windstorm insurance. For natural resource managers, adaptation 
strategies include actions that assist plants and wildlife in creating 
resiliency and accommodating to new conditions. Meeting the 
challenge of effective adaptation acknowledges that changes are 
here and more change is likely.
Information for Best Management Practices
Given the uncertainties in projecting the extent and rate of climate 
change, the Global Climate Change and Wildlife of North America 
technical report recommends managing for a range of possible 
future conditions. This means identifying actions that provide 
relatively high returns on the conservation investment for a rela-
tively wide range of future climate conditions. These actions are 
often referred to as “no regret” strategies or options that would be 
justified under all plausible future scenarios. No regret conservation 
strategies might include:
 • Acquire and protect more acres of land;
 • Restore and reconstruct natural ecosystems (e.g., plant prairie, 
build wetlands);
 • Manage and control invasive species;
 • Restore ecosystem processes such as prescribed fire or natural 
flood regimes;
 • Manage streams to aerate (e.g., build stream riffles) and cool 
(e.g., restore riparian vegetation canopy and deep pools) water.
Response to a Warming Climate
ADAPTIVE MANAGEMENT 
 
Adaptive management is a 
systematic, iterative process of 
robust decision making with an 
aim to reduce uncertainty and 
improve resource management 
by learning from management 
outcomes.
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These actions allow plants and animals to compensate for mounting 
changes in local habitats due to climate change. Developing strate-
gies may involve shifting toward a risk management approach and 
being intentional about integrating climate change considerations 
into best management practices. Adaptive management—monitor, 
research, evaluate, adjust, adapt—will play a key role in helping us 
learn from what seems to work and what may not. Land managers 
have the knowledge or are already integrating this into their 
important work. Future management planning and actions should 
deliberately take into account outcomes to mitigate the effects of 
climate change.
Long-term Monitoring
Predictions about how a species might respond to habitat changes 
wrought by a changing climate made using the best available infor-
mation will only tell part of the story. How do we detect changes? 
How do we develop scientifically defensible mitigation strategies 
that will truly help guide ecosystem protection and management? 
Long-term biological monitoring, like data collected by CTAP, 
will help answer these questions. We will never truly know what’s 
happening to plants and birds in habitats across Illinois unless we 
collect and analyze the data, or we wait until it’s too late.
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